A very widespread structural configuration in existing buildings is the so called "pilotis" configuration characterized by a soft first story. This configuration allows for a good use and distribution of the space at the ground floor but it is very dangerous from a seismic point of view. Different retrofitting strategies based on the application of new protection systems, like base isolation and energy dissipation, are proposed and discussed. Enhancing works are simulated and comparison evaluations are made on a case study consisting of a "pilotis" building in a residential complex in South Italy on which a feasibility study for the seismic retrofitting has been carried out. The structure consists of r/c frames designed over 30 years ago, without aseismic concepts because the site was not included in Italian seismic areas, whilst now it is classified within the Italian medium intensity seismic zone. The seismic response of the different retrofitting options are evaluated by means of detailed non linear numerical modeling of the building and special devices.
The soft-first-story configuration
A typical structural configuration largely applied in existing buildings is the so called "pilotis" configuration that is characterized by the absence of claddings, present at the upper stories, at the first story. The "pilotis" solution was previously established by the great architect Le Corbusier as one of the five points founding its architecture and expressed in its opera "Vers une architecture" on 1923. The "pilotis", allowed by the use of reinforced concrete, lift the houses from the soil and give rise to large and bright spaces: they would have represented a milestone of the modern architecture. The configuration is liked by the architects because it involves the presence of large free spaces at the ground floor that can be easily and effectively arranged by a distributive point of view. But the resulting "soft-first-story" structural configuration is very dangerous from a seismic point of view, because the whole building behaves as a rigid body, due to the infill walls, and only the first story undergoes lateral deformations. This lateral behavior requires the formation of plastic hinges at the top and bottom ends of the first story columns, therefore the deformations are concentrated on these few structural elements to which are requested very large rotations, over their ductile capacity. Notwithstanding the well known worst behavior of the soft-story configuration under seismic attacks -testified by usual damage suffered in occasion of the earthquakes, shown by the samples reported in Figure 1 -it is largely present in existing buildings, not designed as seismic resistant buildings, that thus require a seismic retrofitting. The problem is particularly felt in Italy where large areas of the country, not considered as earthquake prone zones, have been included, in the very last years [1] , in the seismic areas, so determining the presence in these areas of constructions not designed for resisting the seismic forces and, often, also characterized by unsafe configurations like the "soft-first-story". These constructions require a seismic rehabilitation including a modification of their configurations with the aim of conserving their aesthetical expression, but modifying the behavior of the unsafe characteristics so that they can sustain an earthquake without collapsing and undergoing the same damage level accepted in an ordinary seismic-resistant building.
1995 -Kobe (Japan) Fig. 1 Typical examples of collapses due to the "soft story" configuration Once posed the structural problem represented by the existing soft-story buildings in seismic areas, the structural solutions for the improvement of their seismic performances must be established. The present paper deals with the available enhancing solutions offered by the applications of state-ofthe-art anti-seismic protection systems based on the use of special devices. These systems will be presented and discussed in the following chapters making reference to the retrofitting of a sample "pilotis" building on which a feasibility study for the seismic enhancement has been carried out.
Case study
The sample building used for illustrating the present theme is represented in Figure 2 . The figure reports the drawing of the front view and pictures showing an external view of a building similar to the sample one and a view of the basement floor, under the platform, used for parking. The building is located in Modica, a city of Sicily in Southern Italy, and represents a particular double-soft-story morphology, because both the basement story and the first story have a "pilotis" configuration. The building is six stories high and consists of two symmetrical sections separated by a vertical structural gap. It is part of a larger complex including other buildings having the same characteristics, but different height till to fourteen stories.
The complex rises from a large r/c pedestrian platform made of many sections separated by expansion joints having gaps about 2 cm large and therefore subjected to seismic hammering. The whole platform is supported by a number of reinforced concrete columns, forming a "pilotis" system, directly founded on the outcropping volcanic soil, that can be assumed as firm soil or rock, from the point of view of the transmission of the seismic waves. The mentioned number of stories starts, with a "pilotis" story, from the level of the pedestrian platform. The considered building has a mass of 3875 t and a fundamental natural period of 0.76 s in its present configuration. The structures consist of r/c frames designed 30 years ago without any considerations on earthquake resistant design. At that time the site was not considered as a seismic area, while, at present, it has been included in the Italian medium intensity seismic zone that is characterized by a standard design PGA equal to 0.25 g, corresponding to the earthquake characterized by a probability of 10% in fifty years. Analyses on the local seismicity demonstrate that a reduced value can be assumed for the PGA corresponding to the design earthquake, therefore a value equal 0.20 g, the minimum allowed by code in the seismic zone, has been used in numerical evaluations, even if the actual value could be lower. Different retrofitting options, both conventional and innovative, can be hypothesized aimed at the improvement of the seismic performance of the structural system: 1) traditional approach; 2) energy dissipation strategy, including both a solution with dissipating bracing and an innovative synergetic dissipating option; 3) base isolation option. The traditional approach consists of the insertion of a new lateral force resisting structural system typically consisting of steel braces or r/c shear walls built, within the grid of the existing frames, in suitably positions strategically chosen for containing overturning and torsion effects. Moreover, also the strengthening and stiffening of some existing structural members must be provided, especially of those ones interacting with the new structures. This conventional approach requires very invasive works and important modifications of the structural configurations, extended till the foundations that must be probably strengthened for supporting the greater forces transmitted by the seismic resistant structural system. The structural works to be carried out at the interior of the apartments also involve the demolition and reconstructions of the internal finishing. This rehabilitation option is very expensive and involves the evacuation of the inhabitants during the long lasting works, therefore it is probably no cost-effective and it is not taken into account in the following. On the contrary, the feasibility study for the seismic retrofitting of the buildings focused on the different innovative approaches, giving large relevance to the strategies based on the use of innovative technologies allowing for minimize the works on the existing elements.
Energy dissipating strategy
If considering the lateral capacity curve of the structure expressed in terms of base shear vs. lateral top displacement (Figure 3 ), the structure in its initial condition (blue color diagram) has a short plastic range, not being designed for ductility, therefore the dissipating capacity, related to the area of its hysteretic cycle, is limited. If dissipating devices, characterized by a quasi-rectangular force-displacement behavior (violet color diagram), are introduced for working in parallel with the frame, the resulting dissipating capacity is enhanced, increasing both the maximum force and the cycle area (red color diagram). Figure 4 shows the diagrams of the equivalent damping ratio of the structure, enhanced with dissipating system, as a function of the ratio, α, of the dissipating force to the original structure strength for different values of the bare structure equivalent damping. The evaluation are based on the following hypotheses: the structure behaves as an elasticperfectly-plastic systems; the damper behaves as a rigidplastic system; the maximum displacement is maintained for both the bare and enhanced structures because the storey drift must be limited to the ductility capacity of the members. The enhancement capacity can be better observed if a non linear static analysis is performed and represented on the acceleration -displacement spectra space [2] as shown in Figure 5 . The solution must be found as intersection between the capacity curve and a reduced demand spectrum representative of the actual dissipating capacity of the structure. The reduction can be operated according to the ductility of the structure or to its equivalent viscous damping. The only parameter in the retrofitting design is the force threshold of the dissipating system, determining the actual equivalent damping of the structure. The threshold can be assumed in such a way that a performance point, intersection of the capacity and reduced demand spectrum, exists.
Dissipating bracing strategy
The first retrofitting dissipating system provides for the insertion of dissipating braces strategically located within the r/c frame grid along the building height. The dissipating braces can be suitably located, for containing the torsion, in peripheral frame grids at the first two levels thanks to the "pilotis" configuration providing for bare columns at these levels. On the contrary, the location at the higher stories must be lead by the compatibility with the distributive characteristics of flats and the internal and external openings. Bracing are inserted at the first 5 levels of the building, because their presence at the higher levels has been proved to be ineffective. In Figure 6 the assumed location of the bracings in plan and in elevation are shown. The force thresholds of devices are assumed enough high to allow them to perform within the elastic limits under the service earthquake corresponding to the damage limit state, characterized by an intensity 2.5 times lower than the design earthquake. The value must be optimized for maximizing both the strength and ductility increase of the structure. The optimization iterations suggested the threshold values reported in Figure 6 at the sides of the elevation views.
Fig. 6 Location of bracing in plan (above) and elevation (below)
As an example of the building performances the results of transversal non linear static analysis are reported for the existing and enhanced structural configuration assuming a modal shape of the pushing forces along the height. Figure 7 reports the capacity curves evaluated by the pushover analyses for the existing structure (blue color line) and for the enhanced one (red color line). The base shear increases from about 1000 kN to about 4000 kN, while the lateral displacement should be equal, because the limit condition of the existing structural members, not improved in strength and ductility, are reached for the same story drift. Actually, the presence of the bracing changes the distribution of the internal forces and the ultimate limit displacement of the improved frame is a little larger than the corresponding value of the existing frame. The possibility of an actual solution must be found on the acceleration-displacement plane, finding an intersection between the capacity spectrum, derived by the capacity curve, and a demand spectrum reduced correspondently to the effective equivalent damping developed by the structure. For the existing structure, Figure 8 reports the reference elastic response spectrum corresponding to the conventional percent damping equal 5% (green diagram). The capacity spectrum (blue diagram), whose extreme point is characterized by an equivalent percent damping of 14%, do not intersect the corresponding 14% damped demand spectrum (light blue line). It is evident that the existing structure cannot have a solution for the reference intensity considered. The right graph in Figure 8 , besides the reference 5% elastic spectrum and the capacity spectrum of the existing structure, reports the capacity spectrum of the enhanced structure (red diagram) whose extreme point, considering the wider hysteretic cycle of the curve, is characterized by an equivalent percent damping of 30%. The figure also reports the 30% damped demand spectrum intersecting the capacity curve. The comparison of the diagrams shows that an intersection, determining the solution, is possible between the capacity spectrum and a demand spectrum characterized by an equivalent damping corresponding to the dissipating capacity associated to the cycle of the capacity curve having the elongation of the intersection point. The solution using the energy dissipating bracings is still expensive, providing for works at the interior of the elevation, and requires the partial evacuation of the inhabitants. The system effectiveness is limited by the need to limit the story drift to respect the ductility availability of the existing elements. 
Fig. 8 Non linear static analysis results for existing (left) and enhanced (right) structure

Synergetic dissipation strategy
For avoiding the heavy works to be carried out for the insertion of the dissipating braces at the elevation levels, a different system has been suggested [3] providing for works at the only basement "pilotis" story consisting of the insertion of new dissipating bracing elements in the frame grids and enhancement of the dissipative capacity of the existing r/c columns. Due to the combined dissipating effects, the system has been named "synergetic dissipating strategy". The solution appears a better way of retrofitting, from both the cost and safety point of view. The constructive details are briefly resumed in the following: 1) installation of the primary component of the compound dissipating system, consisting of braces with dissipating devices (hydraulic or plastic dampers) at the basement level; 2) improvement of the flexural ductility of the end zones of the basement columns for increasing the potential horizontal deformability at the level; 3) closing some frames at the first story, above the platform, eliminating the second "pilotis" level; 4) connection of the two sections of the building along the height and connection of all the sections of the platforms by means of rubber connectors allowing the little deformations due to thermal loads, because the other time dependent deformations are exhausted. Figure 9 illustrates the general layout of the works for the installation of the compound dissipating system. Figure 10 shows some details of the dissipating system. Dampers are located between the braces and the existing beams. The enhancement of the post-elastic flexibility of the potential plastic hinges at the top and bottom of the columns can be obtained in three phases: (1) removing the concrete cover living intact the reinforcement and the core; (2) replacing the cover layer with plastic concrete having elevate ultimate deformation; (3) wrapping the element with FRP strips giving a confinement effect. Fig. 9 General layout of the compound dissipating system Fig. 10 Layout of the primary and secondary dissipating system, from [3] Dynamic analyses have been carried out on a plane frame, representative of a portion of the building, in which also the infill masonry effect has been considered through equivalent stiffness compression-only diagonal braces. The frame has a total mass of 397.4 t and a period of the fundamental mode equal 0.6 s. Dynamic input consists of generated spectrum fitted accelerograms characterized by peak ground acceleration of 0.2 g, response spectrum shape for type A soil (rock) according to EC8 [4] and Italian code [1] , duration of 30 s, intense phase starting at 2 s and lasting 15 s. Figure 11 reports, on the left, the deformed shape of the frame in the original configuration, computed at 3.6 s, that is immediately after the starting of the intense phase of the accelerogram. The figure also reports the plastic hinge performance in a color scale, related to the limit states, having the following meaning: violet = no practical damage (below the Immediate Occupancy limit), blue = controlled damage (below the Life Safety limit), light blue = severe damage (below the Collapse Prevention limit), green = incipient collapse (below the Collapse limit), yellow = collapse evolving, orange = after collapse, red = ultimate status overcome. The well known collapse mechanism of the soft first story has been produced, evidenced by the "red colored" plastic hinges at the basement level. The same Figure 11 shows, on the right, the evolution of the plastic hinges at the end of the input intense phase for the frame equipped whit a hydraulic damper at the first floor level, characterized by a force-velocity law F = C ⋅ v α with C = 400 kN/(m/s) 0.015 and α = 0.015. The maximum damping force corresponds to 10% of the total weight and to 40% of the expected base shear. It is evident the better behavior characterized by hinges developed with priority at the ends of beams and by rotations of the columns hinges below the Life Safety limit. The compound system offers a synergetic dissipation given by the contribution of the damper elongation and rotations of the plastic hinges at the columns' ends, allowed by the enhanced inter-story drift amplitude. The solution is less expensive, providing for detailed works at all the basement columns including those of the platform, while works at the elevation can be limited to some inadequate members. The main works do not require the evacuation of the inhabitants. The simulations carried out showed that the response is very sensitive to the mechanical characteristics of the system and to the dynamic input. A great care must be posed on the dimensioning of the compound elements, avoiding that the system, protecting the lower stories, moves the collapse mechanisms toward the weaker high stories.
Base-isolation strategy
The base-isolation strategy provides for the cutting of the basement columns and the insertion of isolating devices allowing for an elongation of the periods of the lateral oscillation modes up to values where the energy content of the excitation is very low. It can be dimensioned for not requiring strengthening works on the existing structure, nor at the elevation neither at the basement level, for that reason it is less expensive than the previous ones. For what regards the preservation of the operational conditions, conventional works would require the temporary evacuation of inhabitants, but special provisional tools can be provided, already adopted in other retrofitting works in Japan, allowing for carrying out the works with the building in its operational state.
The constructive works, illustrated in Figure 12 , are briefly resumed in the following: (1) connection of the two sections of the building and separation between the building and the platform by means of gaps around the building; (2) strengthening of the basement columns with a thick layer of reinforced concrete jacketing them below and above the section occupied by the isolators; (3) cutting of basement columns and insertion of the isolating devices under control of vertical loads; (4) under-founding the stair frames and the lift walls and insertion of sliders between the base and the new foundation; (5) installation of longitudinal and transversal dampers for reducing the lateral displacement of the isolators; (6) closing some frames at the first story above the platform, eliminating the second "pilotis" level.
The isolating system consists of 20 HDSRB (High Damping Soft Rubber Bearings), with a stiffness of 650 kN/m, located in correspondence of perimeter columns, 20 sliding devices located under all the internal and some perimeter columns, 16 sliding devices located below the blocks of stairs and lifts. Dampers will be The first evaluations, carried out by means of spectral analyses using the design response spectrum for soil type A (rock) and PGA equal 0.20 g, ignoring the natural and added damping of the isolating system, furnish the following results. The base shear at the isolators level is 990 kN and becomes 850 kN above the platform level, that is at the base of the existing columns. The ratio to the total building weight is 2.2% and it is of the same order of the wind loads for which the building had to have been dimensioned. The solution allows for containing the forces in the elevation members below their strength limit without requiring strengthening works at the stories above the first one. The calculated device maximum lateral deformation is 74 mm. The value results fully compatible with the device stability under the vertical loads, moreover, it will be strongly reduced considering the dissipating contribution of the rubber damping and of the added external dampers. Therefore, it will be compatible also considering the amplified response corresponding to the maximum credible earthquake, having an intensity 20% greater than that of the design earthquake.
Conclusions
Different solutions for retrofitting buildings with soft-first-story, using innovative seismic protection systems based on energy dissipation and base isolation concepts, have been examined and their effects have been evaluated simulating the application to an actual building to be retrofitted. All systems demonstrate to be effective in enhancing the building performance against earthquakes and they allow the building, not designed for seismic forces, to resist the design earthquake with performances similar to a new seismic-resistant building. The comparisons show differences among the various solutions with a better performance, in the application to the sample building, of the isolated option.
